Absfracf--High power RF system, as typically used in fusion research devices, utilize vacuum tubes. Evaluation of vacuum tube performance involves data taken from tube operating curves. The acquisition of data from such graphical sources is a tedious process. A simple modeling method is presented that will provide values of tube currents for a given set of element voltages. These models may be used as subroutines in iterative solutions of amplifier operating conditions for a specific loading impedance.
htroduction
Chaffee analysis has long been used for the evaluation of amplifier operating conditions. This technique uses tube currents and voltages sampled at regular intervals duringthe RF cycle to provide a piecewise linear approximationofthe currents over a 90 degree portion of the cycle. Tube current curves are used to obtain the data at the sampling points. The graphical nature of this data is a detriment to the fitll utilization of Chaffee analysis. As an example, it may be desired to obtain results for an amplifier operating at a specific plate load impedance. However, load impedance is found as a result of the analysis, so an iterative approach must be used. The need to obtain input data fiom tube curves for each iteration makes this impractical. The modeling method presented here removes this impediment.
U. The Method Tube curves are published for either grounded grid or grounded cathode operation. An example will be shown using grounded grid curves for a typical tetrode (Fig I) .
The Y-axis is cathode to grid voltage (Vcg), and the X-axis is plate to grid voltage (Vpg) in kV. Each curve consists o f the locus of points for a constant value of the current in question, plate grid and screen in the case of a tetrode. The curves are given for a range of discrete values of current 400 -300
The problem is: given values of Vcg and Vpg, what will the current be for a particular tube element? At any arbitrary Vpg, each constant current curve will be found at a particular Vcg. In this example, data was taken for plate current, (Ip) at Vpg = 10 kV, and the results are shown in 
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.
The order of the p o l p m i a l is chosen by trial and error, to provide the best fit to the data points. In the example, a fourth order polymmial results in a close match to the data. For this particular Vpg, we now have an equation that will provide the value ofthe plate current for any Vcg:
At this point, some of the limitations of this approach must be mentioned. The goal is to reproduce the data contained in the original tube curve. It is therefore important to restrict the input data to the range of the values used in the curve fit. The polynomial can not be used to extrapolate behavior beyond this range. The curve fit will also give non-zero values of Ip for Vcg below cut off A cut off limit is defined, and Ip set to zero if Vcg exceeds this limit. In this example, the I A plate current curve may be chosen as the cut off limit. Thus, for this example,
Ip is set to 0 when: 
V 1 = 9
V2=IO
Plate currents are now calculated using the equations born table I1 at Vpg = VI and Vpg = V2:
The final result is found by interpolation: Vpg' and Vcg' are now used as input data for the model, and the current Ip' is computed. The plate current is now calculated fiom Ip' :
The same method may be used to obtain screen and grid currents. Plate and grid currents are obtained with good accuracy. Due to the usually convoluted nature of the constant current curves for the screen, the results are not as good as for plate and grid current.
Applications
It is a simple matter to elnploy tube models as subroutines in Chaffee analysis. The process is repeated until the difference between Px and% is within the desired precision. Fig. 3 is a sample output fiom such a model for an Eimac 4CM25OOKG tehode.
The above process can be further iterated to obtain data for intervals of output power up to the point of saturation.
IV. Conclusion
This method has been used extensively at the Princeton Plasma Physics Laboratory and at the MIT Plasma Science Fusion Center. It bas proven its worth as a design tool, and as an aid to the tuning and trouble shooting of RF syxtem.
